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(54) LITHIUM-NICKEL COMPOSITE OXIDE, PROCESS FOR PREPARING THE SAME, AND 
POSITIVE ACTIVE MATERIAL FOR SECONDARY BATTERY 

(57) There can be provided a novel lithium nickel 
complex oxide represented by the general formula: 

Liy-^Niv^MxOa 

(wherein M represents one selected from the 
group consisting of AI.Fe, Co, Mn and Mg, x = x 1 + x 2 , s • 

0<x 1 =s0.2,0<x 2 S0.5,0<x=§0.5.and0.9^yS 1.3), 5 , 

wherein the crystals have been suffciently developed 
and are highly purified, and a positive electrode active 
material for a secondary battery whose stability of high 
dischage capacity is excellent. 
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Technical Field 

. The pres.* M*. * » • — ■*» "gZ^ZSZZ tZEfZSEZZZ 

secondary battery. 
10 Background Art 

expected owing to its higher electric capacity than LiCopz- njcke| ^ 

Usually, UNiQ 2 has been prepared by mrxing a ^^^^^J^^incm*. and hence 
ponent (hydroxide, carbonate etc.) in a powdery form and ^^_^^ r ? ^£ J* it is hard to convert diva- 
Lheaiatanelevat^t^ure^ 

^SSSSS^^ 1 - Ni ° as a by " product is ,ormed - ^ 

^ r^yC^entors succeeded previously in ^^^^^^ 
high crystallization degree by forming a uniform precursor of ^^compo ^ u ^ * £ NO 8 . 130013) . 

it was still insufficient in a long term cycle charact eristics of n» tai 00 ^les. subsWuting a part of nickel 

Under such «*™*™^^ represented by Li y Ni x C 0l . 

for other component <^ here S^was doped as solid solution into UNi0 2 . and U y Ni 1 . x Me x Q 2 

x O z (wherein x is 0 < x =§ 0.75 and y is ys i) wnere oo was, u £ £ ., 3) Tl v , Mn or Fe was 

wherein Me represents any one of 71. V. Mn and Fe, x is Q< * * ™ and y ^^^^ 5 -283076 respectively, 
doped as solid solution into UNi0 2 are to be said the dry proc- 

Howeve, theprocess doped ^S^SSS^^ solution 'homogeneously, ft involved the 
ess described above and hence it is difficult to aope m.ro cu < y -..-.-.-j temperature for a long time and con- 

necessities of increasing an amount off and the by-product of 

ducting several times of pulverization steps inevitably. And c ° n ^ uen ™^ imD rovement in cycle property could 
NiO was formed thereby the lowering of the P^ 3 " 3 ^ heat and pulverization 

not be achieved like LiNiO. described above. Also shic ^^P^^^kes a long time for the heating inev- 

PUrit Un a de?;rcircumstances.somea^ 

density. For example, a technK,ue is disc ^^^.^^^^^^^ "MO, using 
partides having 5 .m- 50 pn, us, "J J*"™* ^""J increasing a pacing density only. But, the pri- 
spherical Ni(OH) 2 as raw material by a dry process for the P ur P«" jJt was not satisfactory. Another 
m'ary particle size and the purity of UNiO. was not tak^n ^JJ^^J^^^ 0.1- 11 m with 

greatly. 
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- As the means to prevent the deterioration of the positive electrode active material, ^! XK ^^l^^ 
the p^mary^icle L. has greater the deterioration, how large is the primary part.de S ,ze of the acfcve matena. to be 

T! T^TXo^ the storage stability or the discharge characteristics of the 

145 ?i! '"LZSHHt Dartide having an average size of higher than 2 „m k prepared by adding Bi oxide to the raw 

than 1 ^m could be obtained. 
20 Disclosure of The Invention 

tho nhiPr* of the oresent invention are to provide (1) a novel lithium nickel complex oxide wherein the crystals 

thfe Sr^entTnventors have prepared for the first «me by a wet process a novel lithium nickel complex oxide reore- 
sented by the following formula (I) : 

Li y . x1 Ni 1 . x2 M x 0 2 (l) 

complex oxide which is represented by the general formula (I): 

U y . x1 Ni Vx2 M x 0 2 (l) 
[wherein M is one selected from the group consisting of Al, Fe. Co, Mn and Mg. x = x, + x 2 (herein 

(i) when M is Al or Fe. x. X1 and x 2 represent respectively 0 < x s 0.2, x n = 0, x 2 = x 

(ii) when M is Co or Mn. x, x, and x 2 represent respectively 0 < x a 0.5. x, = 0, x 2 = x represents 0 9 

n the rlge S 0 1 2 m*/g, the proportion of Ni*+ to the total Ni being 99 % by weight or h.gher. an average sec- 

S^o'o^ 

=^=P==^ 

as observed with a SEM. 

Furthermore, the present invention relates to a lithium nickel complex oxide which is represented by the general for- 

mula (I): 

Liy.xiNh.x2MA> (l) 
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[wherein M is one selected from the group consisting of Al, Fe, Co, Mn and Mg, x = x, + x 2 (herein 
(i) when M is Al or Fe, x, X1 and x 2 represent respectively 0 < x d 0.2, x 1= 0 x = x 

i!) when M is Co or Mn. x. x, and x 2 represent respectvely 0 < x *0A *, - 0, x 2 - x ^ ^ 

of the primary particles is in the range of 1 ~ 10 um as observed with a SEM. 

The lithium nickel complex oxide represented by the above genera. farmuUj in , the present invention may be more 
specifically classified into ones shown by the following general formulae (la) - (lc). 
A lithium nickel complex oxide represented by the formula (la): 

LiyNi^xO;, {,a) 

(whereinMrepresen^ 
^?a^^ 

verted into the corresponding LiM0 2 . h | d SO | ution is little so that 

25 present invention. 

A lithium nickel complex oxide represented by the formula (lb). 

UyNiLxM^ (lb) 
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_ <- n c q «h w ronrp<=pnts 0 9 ^ v ^ 1 3) is one wherein Co or Mn has 
(wherein M represents Co or Mn. x represent 0 < x - 0.5 and >m "J™"*^ " Jj,^ and a high electric capacity 

capacity is decreased but also it is not ^^ s ^^^^t^ n whe x eTeeds 0.5, the desired high 
^ SSrcomplex oxide represented by the following formula (.c) where M is Mg in the formu.a (!) 
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Li yoc1 Ni Vx2 Mg x 02 (,C) 
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^ n v < n p * represents 0 < Xi < 0.2, x 2 represents 0 < x 2 < 0.2 and y represents 

'taTlto rtcte, complex oxwe of the presen. ™=n«=n w« be Mussed »m -espec, ,o J *"•*•' O**' 6 

ratio in peak intensity of the face (003) to tne race i ' faralnn(iUoih ef ace (l01) i e , (006)/(101) is0.13 or 
(003)/(104) is 1 .2 or higher and a ratio in the peak intensity of the face (006) to the tace (i ui ) i.e..* m 
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* « Mi3 + to the total Ni is 99 % by weight or higher, thus it is highly prif ied. Usually the stability 

oxide rnaybeolaained. That Is. A, « «" «*>*»"" 

unstability ol I* by reversiUy de-intercalation of U can be so*«d. In Jc,, or Mn each ol them has been 

r*ium a5d nioke, layers hereby the «ul J^^T^So.!^ be sohed. Tbe most 

zation degree and which is stable in quality. of the Drima ry particles which are uniform particles 

^srn^a 1 ^^ - 20 

nm as observed with a SEM. imnnrta nt for a lavered compound represented by LiM0 2 in the light of 

,„e 2SS£££Z Z^ZSXSSU i— i m «. «. — — u 

^^a^C^^^ 

does not proceeds sufficiently and the punt, b «^^™^^Sto ca nnot be achieved stably. Moreover, in 
pe*n™ce.*en they are^nl^ 

d * m sr,e7zrs^^^^^ 

^fd'^b^r^r^ - * — - - - be - 

under observation of a SEM. ^ omata , tfl «,= sh ort diameter) of the spherical secondary particles as 

Also, the particle ratio (a ratio of the long diameter to ttie ^J^J^ 2 or less with 90 % or more of 
observed with a SEM .ies in the range of * ™^ when there was included some of 

has been conducted. suitable for the closest packing density but also 

jszzzz ^■2^^-' - - — e - ■ ~— 

^ T e^™«y - ra^^'Si n»y be prepared 
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* *Sr m S^Co*de o. the present inyen«on may be prepared by a process «bich cc<npnses re,*, 
a basic metal salt represented by the general formula (n) 

Ni.-.MM0H),-..(A»-) t . ♦«-.-■«>'•> ■ mH *° U) 



(wherein M represents one selected from^e group — * Ca Mn j« J Mg. P 

and represents 2 * p .3. A- is , « .anion J« « ?j£r .^"compound in an aqueous medium 

isf ying the range of 0 < x a 0 2. 0.03 a « * «> A 0*m < JJ^J tne s, urry> and heating the resultant 

in a molar ratio of U / (N. + M) of 0. 9 - 1^3 1 to obtor la * J 9 .„ gn oxidative atmosp here. 

dry material at a temperature of about 600 C - 900 C to ^aDoui « employed one each containing an 

As the water soluble lithium compound and the basic metal salt, there may De empioy 
anion which is evaporated off during the heating. 
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- as the IKhium compound, there may be se.ected one or more from among UOH. LiN0 3 . Li 2 C0 3 and hydrates 

th6r ;° f the basic meta. sa.t represented by the above genera, formula (n) as an exampie of A- there may be se.ected 
from compounds shown by N0 3 \ CI". Br". CH3COO C0 3 and IS »4_ hydrotalcite compounds 

respect to the cystaU«e of the primary particle »TparSTSs a BET specific surface area of 

gate is strong, nitrogen gas cannot enter ^ ^°* at ^ solution shows a high BET 

ingly the basic metal salt which .s practcaHy reacted wrth "^'S^^^Tspecific surface area was set to 10 
specific surface area to exhibit that the su ^^^^^ composition has a layered 

m2/g or higher from the above actual c,rcu ™ tenc .^.P^ t o£ose of Ni^OHfc. Moreover. 

such as LiOH thereby forming an extremely desirable l ^ r **i"^^ i ^ '^^^^ which the present invention aims 

H^J, punfi^t IWJjJjJ SS^-SS^W'" 

^Sc^S^^^ 

* anili m«ai hydroxide ^ - •J^SSl S™eXa™^SS S sarTbe mJLd a, 20 - 70-C 
S.T.T. CSSt ~ L£d b, washing w» ^ «. *e «hium com^nd * 

^d,y» g o,».s.n,^by^^^ 

iected to the heaflng as « is. the ^*^£Zg£SZZ° ^ing ^ Tmor. M 20 hours, 

becomes rather low and so the purity becomes bad. ,, M ., nn .-th the U and Ni components are non-uni- 

.n the known technique by ^.^^ K££?E a* hTce the heating of at 

form in any cases during the react.on where the ^'^N. »^rted^ g q{ ^ t 

oxide will be illustrated more specifically. ^ ^. rQnrtQ . 1 10 lim 
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««, ,o * used _«» »~ - ssrjsr sssr: : 

„er, rare case should be taken into consderaton. IMrr Jf^™ 8 T^ jMa sepalator etc.) with a posltrve elec- 

ST 2L. ntane to meet «. recrement a* pro*e a pos*e e,ec*ode ,*e maten* 

product and the cha™c»n* ^^^f,^,^" S^rS^Sd • ratio in tie peak intense 
oSo^S^ 

in the viscosity of the electrolyte and the reactivity ^ *«^* fl ^£ Mrt invention can be obtained by react- 
The lithium nickel complex oxide havmg a large f^J^^^^Sg material with a water «*- 

Krssi^^ (Ni + M) becomes 09 ~ 

"t^~e obtained Lry. and ZtZS* one wherein the spray 

As the process for prepar.ng the posrt.ve lect rode ^r^*^£J m alt Snative one wherein after the 

ant molded material at a temperature of fbouteooj 3 - 900 C"™" 1 ss is exce „ en t in flowability. 

The spherical particle product obtained ^jf^ 
molding and filling properties and may ^^"^T'J^^^ kg/cn^ using a Brine., hardness 

t^rte p^ tttX^iE^ ^ «~ ™* " ^ ** 

thereby the crystal growth during the firing is accelerated. 

pulverized if necessary is pressed into a shape ,n ■ -"J"^" has an advantage that the 

perature of 600°C - 900°C for 1 hour or more under a >n ^J^^J ™ f P process . In this CO nnction. even 

° r,e A ?so,venwhenthe^^^ 

22 ttti^*^^^^ ^ " ShWn ^ COmParatiVS 

^ XTefonTtielo'^ed process of the wet, spray drying and press moving ones invoked in the present invention 
is extremely advantageous in making the primary particle larger. 
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In addition, although a distinct cause why it occurs has not been clear yet, the moving distance between powder- 
powder and that between Li and Ni molecules are considered to be decreased by the pressing procedure according to 
the present process, so that the evaporation of Li and formation of the by-product NiO may be suppressed and the 
desired complex oxide having a high purity and a high crystallization can be obtained even when the heat process was 
5 conducted for a long time. 

As is apparent from the Examples described later, the complex oxide having larger primary particle is poor in the 
reactivity and has a small battery capacity owing to the larger primary particle but the stability (cycle property and high 
temperature stabilities) is enhansed to that extent. 

The heat-treated product composed of lithium nickel complex oxide obtained thusly may be properly pulverized into 
10 the desired size depending on use. 

As is apparent from the Examples and Comparative Examples described later, when the lithium nickel complex 
oxide of the present invention is used as a positive electrode active material for a secondary battery, high discharge 
capacity of 1 30 ~ 200 mAh/g may be achieved and the decrease rate in discharge capacity is less than 1 0 % even after 
100 cycles, indicating that it can be effectively utilized because of stablility. 

15 

Brief Description of the Drawings 

Fig. 1 is X-ray diffraction pattern (XRD) of the complex oxide obtained in Example 1 . 
Fig. 2 is SEM photograph (150 magnifications) of the complex oxide obtained in Example 1 . 
20 Fig. 3 is SEM photograph (30,000 magnifications) of the complex oxide obtained in Example 1 . 
Fig. 4 is particle size distribution of the complex oxide obtained in Example 1 . 
Fig. 5 is XRD of the complex oxide obtained in Example 5. 

Fig. 6 is SEM photograph (10,000 magnifications) of the complex oxide obtained in Example 5. 
Fig. 7 is XRD of the complex oxide obtained in Example 6. 
25 Fig. 8 is SEM photograph (150 magnifications) of the complex oxide obtained in Example 6. 

Fig. 9 is SEM photograph (30,000 magnifications) of the complex oxide obtained in Example 6. 
Fig. 10 is particle size distribution of the complex oxide obtained in Example 6. 
Fig. 1 1 is XRD of the complex oxide obtained in Example 9. 

Fig. 12 is SEM photograph (10,000 magnifications) of the complex oxide obtained in Example 9. 
30 Fig. 13 is XRD of the complex oxide obtained in Example 10. 

Fig. 14 is SEM photograph (30,000 magnifications) of the complex oxide obtained in Example 10. 
Fig. 15 is particle size distribution of the complex oxide obtained in Example 10. 
Fig. 16 is XRD of the complex oxide obtained in Example 13. 

Fig. 17 is SEM photograph (10,000 magnifications) of the complex oxide obtained in Example 13. 
35 Fig. 18 is XRD of the complex oxide obtained in Example 14. 

Fig. 19 is SEM photograph (150 magnifications) of the complex oxide obtained in Example 14. 

Fig. 20 is SEM photograph (10,000 magnifications) of the complex oxide obtained in Example 14. 

Fig. 21 is particle size distribution of the complex oxide obtained in Example 14. 

Fig. 22 is XRD of the complex oxide obtained in Example 16. 
40 Fig. 23 is SEM photograph (1 ,000 magnifications) of the complex oxide obtained in Example 16. 

Fig. 24 is SEM photograph (10,000 magnifications) of the complex oxide obtained in Example 16. 

Fig. 25 is particle size distribution of the complex oxide obtained in Example 16. 

Fig. 26 is XRD of the complex oxide obtained in Example 19. 

Fig. 27 is SEM photograph (10,000 magnifications) of the complex oxide obtained in Example 19. 
45 Fig. 28 is XRD of the complex oxide obtained in Example 21 . 

Fig. 29 is SEM photograph (50 magnifications) of the complex oxide obtained in Example 21 . 

Fig. 30 is SEM photograph (30,000 magnifications) of the complex oxide obtained in Example 21 . 

Fig. 31 is particle size distribution of the complex oxide obtained in Example 21. 

Fig. 32 is XRD of the complex oxide obtained in Comparative Example 1 . 
so Fig. 33 is SEM photograph (1 ,000 magnifications) of the complex oxide obtained in Comparative Example 1 . 

Fig. 34 is SEM photograph (10,000 magnifications) of the complex oxide obtained in Comparative Example 1. 

Fig. 35 is particle size distribution of the complex oxide obtained in Comparative Example 1. 

Fig. 36 is XRD of the complex oxide obtained in Comparative Example 5. 

Fig. 37 is SEM photograph (3,500 magnifications) of the complex oxide obtained in Comparative Example 5. 
55 Fig. 38 is SEM photograph (10,000 magnifications) of the complex oxide obtained in Comparative Example 5. 
Fig. 39 is XRD of the complex oxide obtained in Comparative Example 1 5. 

Fig. 40 is SEM photograph (20,000 magnifications) of the complex oxide obtained in Comparative Example 15. 
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Best Modes for Carrying Out the Invention 

The present invention is more specifically illustrated by the following examples. 

[A method for measuring BET specif ic surface area] 

. . , int n , (u- heat-treated product was weighed in a cell as the sample to be employed and degassed by 

. ♦ 9 ' V ^X fTJoTa nitrogen and 70 % helium, and thereafter specific surface area was meas- 

* BET «~»° surface area measurin9 apparatus - 

"MONOSORB" a product of Yuasa Ionics Co., Ltd. was employed. 
[Scherrer's method] 

it is a method wherein the size of crystallite is calculated by the following equation (1) on the assumption that the 
wii S diCS^em is dependent on the size of crystallite alone owing to uniformity m the s,ze of crystalhte and 
no strain in the crystals. 

DhW = (kX)/(Pcose) (Equation 1) 

wherein DhW (angstrom) represents size of crystaMe in vertical direction to the face (hW), x (angstrom) the wavelength 
oTi-ray p (rad) the width of diffraction pattern, e « angle of diffraction, and k a constant. 

25 [A method for measuring Ni 3+ ] 

" Z^Xl^y^^^ - <"">• x •» ,te 0,0,6 (m "' m 9,8 am ° 0^, 01 *• <0> ' 

and B the content of Ni (%) and A 5.871 

[fX(X 0 -X)xAx10]/(mxB) (Equation 2) 
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Example 1 

nrpn ar «l a mixed aaueous solution of 2.0 mol/l aluminum nitrate and nickel nitrate wherein the molar 
m- a? ^HWNO Y n , dun, A 3 5 mol/l aqueous lithium hydroxide solution was added dropwsely to the obtained 

^^^^^^^^^^^ 

mina boat and heated at 750°C for 5 hours in an atmosphere of oxygen in a tube furnace. 
The chemical composition of the firing product was Ui.03Nio.97Alo.03O2- 



50 



Example 2 

^ nr£tfwrwi a mixed aaueous solution of 2.0 mol/l aluminum nitrate and nickel nitrate wherein the molar 

L botf and heated at 750'C for 5 hours in an atmosphere of oxygen in a tube furnace. 
The chemical composition of the heat-treated product was U n 0 i Nio.93Alo.02O2- 



55 
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Example 3 
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^ a mi„«d aoueous solution oi 2.0 mol/l aluminum nitrate and nickel nitrate wherein the molar 
There was prepared a mixed aqueous solution 01* aaueoU s sodium hydroxide solution were simul- 

ratio of AI/(Ni + A.) was 0. 1 . This mb* w T^o^ml^pH was kept to 8.5. 

taneously added at 25'C overthe P-nod* * out 60 m suspended in water thereby obtaining a 1 mol/l 
The obtained reaction mixture was filtered, washed witn waxer «" u * £ droowisely to the obtained 

SSSKSESE^.r.ssr " 

The chemical composition of the heat-treated product was UN^iO* 
Example 4 

There was prepare a mixed apuecs solution of 2. mo, ^ 
ratio of A. / (Ni + A.) was 0.2. This ^J^^^ Sl^ilepH was kept to 8.5. 
taneously added at 25'C over the suspended in water thereby obtaining a 1 mol* 

The obtained reaction m.xture wasf Itered. ™/T™ide added dropwise , y to the obtained 

Nio.8Alo. 2 (OH) 2 (N0 3 )o. 2 s«urry. A 3 5 moW aqueous ^ZpZ to the (Ni ♦ Al) content in the above 

tZ blfand heated at 750 -C for 5 hours in an atmosphere erf oxygen ,n a tube furnace. 
The chemical composition of the heat-treated product was U, .oiN. 0 . 8 Alo. 2 0 2 . 

25 Example 5 

Ths W produc, in Exanpl. 3 was press* ^^^^S^iSn SSs- 

30 LiNi 0 .9 A *o.i°2- 
Example 6 

There was prepared a mixed aqueous s^ 
Fe / (Ni + Fe) was 0.03. This mixed aqu^us so lutj ^^^^2 ~ whJpH was kept to 9.5. 
neously added at 50 -C over the period of about M fsusoended in water thereby obtaining a 1 mol/l 

The obtained reaction mixture was filtered. ^^J^^SSo^ added dropwisely to the obtained 

The chemical composition of the heat-treated product was U 1 .o 2 N.o.97Fe 0 .o30 2 . 



35 



40 



Example 7 



There was 
Fe / (Ni + Fe) was 



ously added at 25»C wrth vigorous "^^j^^^ni suspended in water thereby obtaining a 1 mol/l 
The obtained reaction mixture was filtered. wasn ^ Wl ™ ™ er * ° * was drop wisely to the obtained 
so Ni 0 ,Fe 0 ,(OH) 2 (N0 3 )o, slurry. A 3.0 coSent in the above s.urry 

SiSTS^rC for 5 hours in an atmosphere of oxygen - a U.be furnace. 
?S chemical composition of the heat-treated product was L,N.o. 9 Fe 0 ,0 2 . 



55 



Example 8 
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25 



m.ci v addedat25°C with vigorous stirring while pH was kept to 8.5. m » „ ,„ 

and heated at 750°C for 5 hours in an atmosphere of oxygen in a tube furnace. 
The chemical composition of the heat-treated product was LiNio. 8 Fe 0 .20 2 . 

Example 9 

Th. spray dried produo. obtain., in Example 7 was pressed into a shape "^T^^^^^t 

powdery LiNi 0 9 Feo.i0 2 - 
Example 10 

ra^^^ 

sirnuaaneously added a. 25-0 with ^^"'"^''^XtS s^spLed in water thereby obuinino a . mol/i 
face area of 1 47.1 8 nf/g and a primary parfcle ^^^^^ ^ XRD A^O mol/l aqueous lithium 

of oxygen in a tube furnace and pulverized in a mortarto obtain powdery UN. 0 . 97 Mn 0 .03O 2 . 
30 Example 1 1 

Nio.gMno.ifOH)! .9(N0 3 )o. i slurry, a d.u men/ aq ....... Mm ! 05 with res pect to the Ni content in the above slurry 

t&^^KZZ^-™^™^ dr, — was pu, ,n an aiurrfn, 
boat and heated at 750°C for 5 hours in an atmosphere of oxygen .n a tube furnace. 
The chemical composition of the heat-treated product was LNio.9Mno.1O2. 

Example 12 

Nio.eMno.^OH)! . 7 (NO 3 ) 0 .3 1 slurry, aj.u mow aqu , jn ^ abQve s|urry 

^reSn urt ^ear,^rirr 1^;*=™^ — — •» - **- 

boat and heated at 750°C for 5 hours in an atmosphere of oxygen in a tube .furnace. 
The chemical composition of the heat-treated product (powder) was L,N,o. 6 Mn 0 .40 2 . 

Example 13 

The sp-aydried product obtained in Examoie ,1 was pressed Woash ^^^^^Z^t, 

powdery LiNi 0 .9Mn 0 -|0 2 . 
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Example 14 

There was preparedamixedapueousso^^^ 
of Co / (Ni + Co) was 0.03. This > mixed «J~£^^ was kept to 9.0. 

taneously added at 40 °C over the P e "*<*^ 0 *™™^"™ ^ suspended I in water thereby obtaining a 1 mol/l 
The obtained reaction mixture was f.^ 

Ni 0 , 7 Co 0 .o3(OH) 2 (N0 3 )o^rry A 3.5 ^^^J^^Z^^ 0* * ^content in the above 

^aland heated at 750'C for 5 hours in an atmosphere of oxygen ,n a fcbehirnace. 
The chemical composition of the heat-treated product was Ln .03N.0 97Coo.03O2. 



Example 15 



15 



20 



LiNio.9Coo.1O2. 

25 Example 16 



30 



35 



^ naraH a mixed aaueous solution of 1 .0 mol/l cobalt nitrate and nickel nitrate wherein the molar ratio 

ofCo^™^^ 

neously added at 25°C with vigorous ^J^^J^^ suspended in water thereby obtaining a 1 mol/l 
The obtained reaction mixture was filtered, washec I w th «P dr opwisely to the obtained 

Nio.8Co 0 . 2 (OH) 19 N03)o. 2 slurry. A 3.0 molj aqueous Hwm £^ J*^^. Ni cor ^nt in the above slurry 
slurry in an amount such that the atom.c rat.o of U / ^' + ^^°!T^P was t in m a , umin a 



Example 17 
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Nio^^OH), ,(NO*u *"* «■» ^ C ^*OT ^r 0 5^^»«e Ni eolntinV. above 
slur,, in an amount such thai ths ato™c ™t» of U / (Ni * Co) «»* J^LJUl d „ material »as put in an alun*» 

Example 18 
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Example 19 

There 
of Co/(Ni 



10 



15 



Nio.sCoc^OH)! 7 (N0 3 )o.3 slurry- A 3.0 mo i aqueo r content jn ^ abQve slurry 

S~ ETS- — p - — - ~ 

treated product was pulverized to obtain powdery L1Nio.sCoo.2O2. 
Example 20 

ssrr as: r^r^r^r^r^rr si. was „ — 

powdery LiNio.9Coo.1O2. 



20 



Example 21 

Ni 0 .95iM9o.049(0 H )i .7(NOa)o.3 slurry, ine BC ' ^ . . ca | CU lated by the Scherrer's method from the 

its primary particle size (crystal latbce) was 32.3 ^^^^ ^ aqueous lithium hydroxide solution was 
half value width of the peak appeared at near 2 6 - 60 m ° J u , (Nj + M } was n 0 „ it h respect to 



25 



30 



the Ni 

material was put in 

pulverized in a mortar to obtain powdery LiNi o . 9 7 m 9o.05 u 2 



35 Example 22 

amosplw* ol oxygn «w «*ng "2S„^ Sr "S. ^sKd form w^o-«» m<xe put in an alumina 

treated product was pulverized to obtain powdery LiNio.9Coo.1O2. 
Comparative Example 1 

The chemical composition of the heat-treated product was Li, 02 NiO 2 . 



45 



50 



Comparative Example 2 

£££ penete were heated at 750 -C for 5 hours in an atmosphere of oxygen „ a tube furnace. 
The chemical composition of the heat-treated product was Lh 04Nio.97Alo.03O2. 
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Comparative Example 3 



25 



30 



, peH*s were heated at 750 °C for 5 hours in an atmosphere of oxygen m a tube furnace. 
The chemical composition of the heat-treated product was Li, .04N.097Feo.03U2- 

Comparative Example 4 

££5 peJete were heated at 750 -C for 5 hours in an atmosphere of oxygen ,n a tube furnace. 
The chemical composition of the heat-treated product was l_iL04Nio.97Mrio.03O2- 

is Comparative Example 5 

art p^ were heated at 750 »C for 5 hours in an atmosphere of oxygen ,n a tube furnace. 
20 The chemical composition of the heat-treated product was 04Ni0.97CO0.03U2- 

Comparative Example 6 

ant pellets were heated at 750 -C for 5 hours in an atmosphere of oxygen jn a tube furnace. 
The chemical composition of the heat-treated product was Li, 04Nio.97Mgo.03U2- 

Comparative Example 7 

boat and heated at 750-C for 5 hours in an atmosphere of oxygen in a tube furnace. 
The chemical composition of the heat-treated product was UN.0 7AI0.3O2- 

Comparative Example 8 

and heated at 750°C for 5 hours in an atmosphere of oxygen m a tube furnace. 
The chemical composition of the heat-treated product was L1N.0 7Feo.3O2. 

Comparative Example 9 
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Ni 
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slur^nan^nfsu^attt*...,^^^ 



s Comparative Example 10 



10 



15 



20 



Nio.^no etOH), 7 (NO 3 ) 0 .3 slurry. A 3.0 ^"^^^^jS^S-cl to the Ni content in the above slurry 
slurry in an amount such that the atomic ratio of L. / dry material was put in an alumina 

L°cT^ 
Comparative Example 1 1 

slut.yinanamoiJrts« ; l,tl 1 althea»™ra»ofU/(rt^^«v^ n ispr,y<friedprodu«wasputlnanalu. 

tar to obtain powdery LiNi 0 4 Co 0 .6°2- 



Comparative Example 12 



30 



35 



40 



sHte and pukerized in a mortar, and ^,^^£j^^?^i,%o hours In an atmosphere of 

^rszzFz? sr: r^r™^ ^ was . » — . 



LiNi0.9AI0.1o2 
Comparative Example 13 



, .05 rr* sodium ^ 0. 9 _ r«- ~ USES £S 

and putverized In a mortar, and than pressed mto ■ *J»J*" £ fcr 20 ^ ln ,„ atmosphere ot oxygen 



Comparative Example 14 



45 



50 
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, .05 mo, sodium hydrorfde. 0.9 mo, n*» andat ^^J^^SS^S^Sm 
state and pulverized In a mortar, and then jessed .nto '^^iSTU^Sa hours In an atmosphere of 



LiNi0.9Mn0.lO2- 

Comparative Example 15 



,0 5 mo, so*m hydrpx.de. 0.9 mo, n,*el ^^2-^-3 23n£ 
state and pulverized In a mortar, and ^^^^"^.^S^ %o hours In an atmosphere of 



LiNi 0 
1 

tion patterns 
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miC rotrack and .ong diameter of primary partic.e obtained from the SEM photograph, measured with respect to each of 
the compound oxides obtained in Examples 1 - 22 and Comparative Examples 1-15. 



Table 1 



10 



15 



Example No. 



1 
2 
3 
4 
5 



The physical properties of the complex oxides obtained in Examples 1 ~ 22 



Ni 3+ (%) 



99.4 
99.7 
99.6 
99.3 
99.8 



BET m 2 /g 



0.44 
0.51 
0.30 
0.32 
0.09 



Ratio of 
l(003)/l(104) 



1.43 
1.48 
1.49 
1.53 
1.57 



Ratio of 
l(006)/l(101) 



0.119 
0.114 
0.113 
0.111 
0.118 



Average Particle 
Size foi) 



15.91 
19.61 
18.21 
16.41 



Average Long 
Diameter of Pri- 
mary Particle as 

Obserbed by 
SEM (ji) 

0.51 

0.40 

0.40 

0.35 

5.0 
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25 



6 

7 
8 
9 
10 



99.1 
99.6 
99.7 
99.9 
99.7 



0.31 
0.12 
0.28 
0.06 
0.41 



1.4 
1.5 
1.5 
1.5 
1.324 



0.112 
0.110 
0.120 
0.122 
0.119 



16.57 
15.41 
16.22 

6.04 



0.45 
0.29 
0.31 
6.30 
0.45 



30 



35 



11 

12 
13 
14 
15 



99.3 
99.3 
99.8 
99.8 
99.4 



0.58 
0.43 
0.08 
0.42 
0.58 



1.4 
1.5 
1.5 
1.4 
1.5 



0.121 
0.117 
0.121 
0.110 
0.115 



21.09 
18.67 

15.51 
18.96 



0.39 

0.41 

4.0 

0.37 

0.43 



40 



16 
17 
18 
19 
20 
TT 
22 



99.8 
99.6 
99.8 
99.9 
99.8 
99.8 
99.9 



0.36 
0.61 
0.82 
0.07 
0.10 
0.17 



1.65 
1.4 
1.4 
1.323 
1.4 
1.304 
1.4 



0.121 
0.120 
0.119 
0.113 
0.118 
0.115 
0.118 



20.60 
16.40 
16.83 



58.66 



0.45 

0.45 

0.41 

3.8 

4.0 

0.45 

3.4 



50 
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The physical properties of the complex oxides obtained in Comparative Examples 1 



Comparative 
Example No. 



1 
2 
3 
4 
5 



Ni 3+ (%) 



98.8 
95.3 
93.1 
92.3 
90.1 



BET nYVg 



0.13 
0.47 
0.35 
0.34 
0.42 



Ratio of 
l(003)/l(104) 



1.45 
1.23 
1.29 
1.28 
1.21 



Ratio of 
l(006)/l(101) 



0.115 
0.132 
0.140 
0.143 
0.148 



Average Particle 
Size 



20.70 



15 

Average Long 
Diameter of Pri- 
mary Particle as 

Obserbed by 
SEM (ji) 

0.61 

0.40 

0.38 

0.47 

0.23 



6 
7 
8 
9 
10 

TT 

12 
13 
14 
15 



91.1 

93.4 

95.1 

92.9 

97.8 

98.1 

99.0 

98.6 

97.9 

98.9 



0.21 

0.18 

0.30 

0.28 

0.15 

0.22 

0.08 

0.09 

0.09 

0.08 



1.26 

1.31 

1.42 

1.51 

1.48 

1.50 

2.03 

1.94 

1.82 

2.27 



0.142 
0.129 
0.136 
0.121 
0.120 
0.117 
0.118 
0.114 
0.118 
0.111 



18.21 
16.40 
20.81 
21.22 
19.46 



0.33 

0.41 

0.37 

0.42 

0.22 

0.42 

0.81 

0.74 

0.68 

0.63 



35 



Also, the primary 



particle size of the basic metal salt (H) employed in the wet process is shown in Table 3. 
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Table 3 



10 



15 



20 



25 



30 



35 



40 



45 



The physical properties of the basic metal 
salt employed in the reaction 



Example No. 


Primarv Particle 
Size/Scherrer's method 
(Angstrom) 


Example 1 


34.1 


Example 2 


41.4 


Example 3 


38.7 


Example 4 


36.3 


Example 5 


38.7 


Example 6 


42.9 


Example 7 


36.2 


Example 8 


42.9 


Example 9 


36.2 


Example 10 


44.1 


Example 1 1 


38.1 


Example 12 


37.2 


Example 13 


38.1 


Example 14 


43.4 


Example 15 


43.5 


Example 16 


31.2 


Example 17 


44.1 


Example 18 


40.4 


Example 19 


35.8 


Example 20 


43.5 


Example 21 


32.3 


Example 22 


38.8 



50 



55 



The long diamter of the primary particle size for a.l of the spray dried and heat-treated complex oxides were in the range 

of 0.2 ~ 3.0 urn. 

Experiment 1 

The following battery test (charge and discharge test) was carried out using the complex oxides obtained in Exam- 
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•man The oerformance of the positive electrode active material was evaluated by repeating charging and discharg.ng 
fhTth^ battery and measuring the initial discharge capacity and the d.scharge capacrty 

direale iSSS^TS^i-fcn of charging and discharging. The above charging and discharg.ng were performed 
under a voltage control between 3 V and 4.3 V at a constant current of 1 mA. 

The results of the battery test [initial discharge capacrty (mAh/g). discharge capacity at 100th cycle (mAh/g) and 
decrease rate of discharge capacity at 100th cycle (%)] are shown in Tables 4 and 5. 



Table 4 



Example No. 


Initial Discharge Capac- 
ity (mAh/g) 


Discharge Capacity at 
100th Cycle (mAh/g) 


Decrease Rate of Dis- 
charge Capacity at 100th 
Cycle (%) 


1 


157.0 


145.5 


7.3 


2 


161.0 


146.6 


8.9 


6 


160.1 


148.2 


7.4 


14 


160.2 


146.2 


8.7 



Table 5 



25 


Comparative Example 
No. 


Initial Discharge Capac- 
ity (mAh/g) 


Discharge Capacity at 
100th Cycle (mAh/g) 


Decrease Rate of Dis- 
charge Capacity at 100th 
Cycle (%) 




1 


161.5 


113.2 


29.9 


30 


2 


141.5 


98.5 


30.4 




3 


140.4 


84.3 


39.9 




5 


140.2 


97.3 


30.6 
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Experiment 2 

The following battery test (charge and discharge test) was carried out using the complex oxides obtained in Exam- 

P ^r!l^ZT^T^L Nthium nic^e. compound oxfces obtained in the above Examples and 
Comparati^Exrmples. etylene black as a conductive agent and polytetrafluoroethylene as a b,nder were mixed m a 
S^of S 6 6 % by weight. Thereafter, the mixture was subjected to compression mdd,ng on sinless stee mesh_ 
thX^tatning pellets each having a thickness of 5 mm and a diammeter of 1 8 mm. The resultant pellets were dned 
at ?oo°C for 2 hours and used as a positive electrode material. 

As a Negative electrode materia, was used a rolled lithium metal sheet pressed-bonded to a stainless s"bst^As 
a diaphragm parous membrane made of polypropylene (trade name "Cell Guard", a product of Hoechst Japan Co 
IdTand a giaTsTilter-paper filter were used. There was used an electrolyte in which 1 M UC0 4 was d.ssolved m an 
^SiSSrXm-ho«»«h« mixture (1:1 weight ratio). The procedures up to ^^^^ 
a S cell (semi-open type cell) were conducted in an argon replaced dry box. The charging and ^ha^ng Jor this 
ml bitter were perXrmed under a voltage control between 3 V and 4.3 V at a constant current dens.ty of 0.4 mA/ 



2 

cnr 
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The results of the battery test pnitial discharge capacity (mAh/g), discharge capacity at 100th cycle (mAh/g) and 
decrease rate of discharge capacity at 100th cycle (%)] are shown in Tables 6 and 7. 
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Table 6 



Example No. 



1 
2 
3 
4 
5 

~6~ 
7 
8 
9 
10 

TT 

12 
13 
14 
15 

li~ 

17 
18 
19 
20 
~21~ 
22 



Initial Discharge Capac- 
ity (mAh/g) 



187.9 
181.2 
169.1 
151.0 
158.0 
167.6 
144.8 
142.3 
136.1 
166.4 
168.7 
154.3 
157.8 
171.2 
171.1 
182.9 
171.3 
163.0 
172.4 
159.8 
162.6 
161.3 



Discharge Capacity at 
100th Cycle (mAh/g) 



Decrease Rate of Dis- 
charge Capacity at 1 00th 
Cycle (%) 



174.9 

166.2 

161.8 

139.8 

154.0 

153.7 

132.5 

131.3 

129.7 

156.7 

159.3 

141.8 

150.8 

157.3 

164.2 

168.1 

165.8 

153.5 

165.8 

152.1 

151.9 

154.8 



6.9 
8.3 
4.3 
7.5 
3.5 
T3~ 
8.5 
7.7 
4.7 
5.8 

Te 

8.1 
4.4 
8.1 
7.3 
TT" 
3.2 
5.8 
3.8 
4.8 

~iT 

4.0 
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10 



15 



20 



25 



Comparative Example 
No. 

T 
2 
3 
4 
5 

IF 
7 
8 
9 
10 

TT 

12 
13 
14 
15 



Initial Discharge Capac 
ity (mAh/g) 

188.4 
162.5 
151.0 
158.4 
165.0 
146.3 
138.9 
135.0 
141.3 
137.3 
156.2 
148.3 
135.0 
149.1 
159.2 



Table 7 

Discharge Capacity at 
100th Cycle (mAh/g) 



137.9 
111.3 
85.8 
101.9 
124.9 
97.6 
123.9 
116.2 
125.1 
120.6 
138.0 
90.2 
87.6 
92.1 
130.6 



Decrease Rate of Dis- 
charge Capacity at 1 00th 
Cycle (%) 

26.8 

31.5 

43.2 

35.7 

24.3 

33.3 

10.8 

13.9 

11.5 

12.2 

11.7 

39.2 

35.1 

38.2 

18.0 



30 



35 



40 



45 



Experiment 3 

lor Example 15 and at 237.6-0 tor Example 20. . in io uNiO, was recognized. Fiirth«more. It 

material at an elevated temperature is enhanced. 



Industrial Applicability 

so As exp.ained above, according to the present invention there can be provided a novei lithium nickel complex oxide 
represented by the general formula: 

Li v - x iNi 1 . x2 M x 02 



55 



££££ a poe^e "JSZSHi tor a secondary baser, whose ~M, o. Ngh disease capac* . 

excellent. 
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Claims 

1 . A lithium nickel complex oxide represented by the general formura (I) 

[wherein M represents one selected from the group consisting of Al. Fe. Co, Mn and Mg. x = x, + x 2 , 

(herein 

(i) when M is Al or Fe. and x. x, and x 2 represent respectively 0 < x * 0.2 x - o x 2 = x 
ii) when M is Co or Mn. and x. x, and x 2 represent respectvely 0 < x - o A x, - 0. x 2 - * 

L m^I p roo3v7lM) is 1 2 or higher and a ratio in the peak intensity of the face (006) to the face (101) 
£i? saidtce being defined by Miller indices hM. and which has a BET specfc 
.urfice aria of 0 1-2 proportion of nW to the total Ni being 99 % by weight or higher, an average 

surface area of 0 1 ~ Z m /g ™ ^prop distribution being 0.5D or more 

*** — 38 ° bserved ri h a scan - 

m ^cSe rSEM) and primary particle constituting the sphenical secondary part.de be.ng uni- 
SE SSZSS^S^" - 85%. in terms of long diameter with its average size of 0.3 - 2.0 
^im as observed with a SEM. 
A process for preparing the lithium nickel complex oxide as claimed in claim 1 which comprises reacting a basic 
metal salt which is represented by the general formula (H) 

Ni,-,M-,(OH),^,(A"-) [Z+ (px-» x, /„, • mH,0 (II) 

30 SSK t^ge^f 0 < x , oTo™- z , 0.1 0 , m < 2).w*h a water soluble lithium compund in an aqueous 
medium in a molar ratio of Li / (Ni + M) of 0.9 - 1 .3 to obtain a slurry. 



20 
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(I) 



ZXSZSZSSXi a **~U. o. *ou. 6»-C - 900-C * a** 4 ho„ re 0, ™re In an 
oxidative atmosphere. 
3. A lithium nickel complex oxide represented by the general formura (I) 

[wherein M represents one selected from the group consisting of Al. Fe. Co, Mn and Mg. x = x, + x 2 , 

(herein 

(i) when M is Al or Fe. and x. x, and x 2 represent respectively 0 < x s 0.2. x, - 0, x 2 = x 

(ii) when M is Co or Mn. and x, x, and x 2 represent respectvely 0 < x -OA x, 0. x 2 - x 
p)whenMis^ 

SSTciMI I'mmm*™* higher aS a ratio in the peak intensity of the face (006) to the face (01) 
iTffiSi)^ Vlo^r. said Le being defined by Miller indices hM. and wh,ch has an average long 
diameter of the primary particle of 1 ~ 10 ^m as observed with a SEM. 

4 A process for preparing the lithium nickel complex oxide as claimed in claim 3 which comprises reacting a basic 
metal salt which is represented by the general formula (II) 

Ni,- B M',(0H),-.(A'-) »♦ .»■«../■> ' mH '° (D ) 
(wherein M represents one selected from the group consisting of Al, Fe. Co. Mn and Mg. p is a valence 
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har . u with o ^ D ^ 3 A n " is an anion having a valence of n, and x, z and m are positive numbers respectively 
0 2 0 03 , z , 0.3 0 , m < 2). with a water soluble lithium compound in an aqueous 
medium in a molar ratio of U / (Ni + M) of 0.9 ~ 1 .3 to obtain a slurry, 

spray drying the obtained slurry, 
atmosphere. 

5 A process for preparing the lithium nickel complex oxide as claimed in claim 3 which comprises reacting a basic 
metal salt which is represented by the general formula (n) 

Ni^.MMOH) 2-„,(A n -) cz+ <px-* x, /n) • ™HzO ( n ) 

(wherein M represents one selected from the group consisting of Al, Fe, Co. Mn and M^iea^jnDi 
k ! m TJT? - a - 3 A n " is an anion having a valence of n. and x, z and m are posrtive numbers respectively 
of 0< x \ 0.2 0 03°, z , 0.3 0 , m < 2), with a water soluble lithium compund in an aqueous 
medium in a molar ratio of Li / (Ni + M) of 0.9 - 1.3 to obtain a slurry, 

Sg^ 

atmosphere, 

pulverizing the resultant heat-treated product, 
atmosphere. 

6. A positive electrode active material for a secondary battery which contains as an effective ingredient the lithium 
nickel complex oxide as claimed in claim 1 or 3. 

7. The positive etectrode active material for a lithium secondary battery as ^ <«^« Wch *" d6Cr6aSe ^ 
of discharge capacity at 100th cycle based on the initial discharge capacity .s 10 A, or less. 
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DRAWING 



Fig. 1 

XRD of the complex oxide obtained in Example 1 
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Fig. 2 



SEM photograph (150 magnications) of the complex oxide 
obtained in Example 1 




Fig. 3 



SEM photograph (30,000 magnications) of the complex oxide 
obtained in Example 1 




i 
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Fig. 4 

Particle size distribution of the complex oxide 
obtained in Example 1 



Amount of particle 




Cumulative particle amount 
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Fig. 5 

XRD of the complex oxide obtained in Example 5 
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Fig. 6 



SEM photograph (10,000 magnications) of the complex oxide 
obtained in Example 5 
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Fig. 7 

XRD of the complex oxide obtained in Example 6 




Intensity 
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Fig. 8 



SEM photograph (150 magnications) of the complex oxide 
obtained in Example 6 




Fig. 9 



SEM photograph (30,000 magnications) of the complex oxide 
obtained in Example 6 
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Fig. 10 

Particle size distribution of the complex oxide 
obtained in Example 6 



Amount of particle 



0<0<0^<\JOCO<0^<NJO 




Cumulative particle amount 



31 



BNSDOCID: <EP 



0806397A1> 



EP 0 806 397 A1 



Fig. 11 

XRD of lie complex oxide obtained in Example 9 
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Fig. 12 

SEM photograph (10,000 magnications) of the complex oxide 
obtained in Example 9 
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Fig. 13 

XRD of the complex oxide obtained in Example 10 




Intensity 



34 



BNSDOCID: <EP 0806397A1> 



EP 0 806 397 A1 




35 



EP 0 806 397 A1 



Fig. 15 

Particle size distribution of the complex oxide 
obtained in Example 10 
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FSg i of the complex oxide obtained in Example 14 
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Fig. 19 

SEM photograph (150 magnications) of the complex oxade 
obtained in Example 14 



\ - \ 



!T^1 O urn 



Fig. 20 

SEM photograph (10,000 magnications) of the complex oxide 
obtained in Example 14 
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Fig. 21 

Particle size distribution of the complex oxide 
obtained in Example 14 
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Fig. 22 

XRD of the complex oxide obtained in Example 16 
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Fig. 23 



SEM photograph (1,000 magnications) of the complex oxide 
obtained in Example 16 
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Fig. 24 



SEM photograph (10,000 magnications) of the complex oxide 
obtained in Example 16 
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Fig. 25 

Particle size distribution of the complex o X1 de 
obtained in Example 16 
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Fig. 26 

XRD of the complex oxide obtained in Example 
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Fig. 27 

SEM photograph (10,000 magnications) of the complex oxide 
obtained in Example 19 




BNSDOCID:<EP 0806397A1> 



46 



EP 0 806 397 A1 



Fig. 28 

XRD of the complex oxide obtained in Example 21 
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Fig. 29 

SEM photograph (50 magnications) of the complex oxide 
obtained in Example 21 
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Fig. 30 



SEM photograph (30,000 magnications) of the complex oxide 
obtained in Example 21 
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Fig. 31 

Particle size distribution of the complex oxide 
obtained in Example 21 
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Fig. 32 
XRD 



of the complex oxide obtained in Comparative Example 1 
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Fig. 33 



SEM photograph (1,000 magnications) of the complex oxide 
obtained in Comparative Example 1 
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Fig. 34 



SEM photograph (10,000 magnications) of the complex oxide 
obtained in Comparative Example 1 
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Fig. 35 

Particle size distribution of the complex oxide 
obtained in Comparative Example 1 
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Fig. 36 

XRD of the complex oxide obtained in Comparative Example 5 
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Fig. 37 



SEM photograph (3,500 magnications) of the complex oxide 
obtained in Comparative Example 5 



Fig. 38 

SEM photograph (10,000 magnications) of the complex oxide 
obtained in Comparative Example 5 
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Fig. 39 

XRD of the complex oxide obtained in Comparative Example 15 
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Fig. 40 

SEM photograph (20,000 magnications) of the complex oxide 
obtained in Comparative Example 15 
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